The coincidence problem is one of the most troubles for the dark energy models, which has been gracefully answered in the quintessence and k-essence models with tracking solutions. In this letter, we study this problem in the Yang-Mills (YM) field dark energy models, and find that it is also naturally avoided in this kind of models: no matter what kind of initial condition the YM fields have, at present, they get the similar state. We also constrain the present equation-of-state (EoS) of the YM field by the observation result of the Big Bang nucleosynthesis (BBN), and find ω y 0 < −0.94.
Introduction
Recent observations on the Type Ia Supernova (SNIa) [1] , Cosmic Microwave Background Radiation (CMB) [2] and Large Scale Structure (LSS) [3] all suggest that the Universe mainly consists of dark energy (73%), dark matter (23%) and baryon matter (4%). How to understand the physics of the dark energy is an important mission in the modern cosmology, which has the equation of state ω < −1/3, and leads to the recent accelerating expansion of the Universe. The simplest model is the cosmological constant (which is always considered as the vacuum energy in the Universe) weith ω = −1 and fits the observation fairly well. But there are two key problems in this model. First of all, throughout the history of the Universe, the density of matter and vacuum energy evolve differently, so it appears that the conditions in the early Universe have to be set very carefully in order for the energy densities of them to be comparable today. This is the " coincidence problem" [4] . A second problem, which is dubbed the "fine-tuning problem", is that the value of the vacuum energy density is very tiny compared to typical particle physics scales. These facts have led people to build the dark energy models with a dynamic field.
The dark energy can modelled by a scalar field with the lagrangian density L = 1 2φ 2 − V (φ), called the "quintessence" [5] . A subclass of this kind of models feature a tracker behavior [6] , which can gracefully avoid the "coincidence problem": tracker fields have an EoS with attractor-like solutions in which a very wide range of initial conditions rapidly converge to a common, cosmic evolutionary track. The initial value of ρ φ can vary by nearly 100 orders of magnitude without altering the cosmic history. The acceptable initial conditions include the natural possibility of equipartition after inflation-nearly equal energy density in quintessence as in order 100-1000 degrees of freedom (e.g., Ω φ i ≈ 10 −3 ). Furthermore, the resulting cosmology has desirable properties.
More recently, models based on scalar field with non-canonical kinetic energy, dubbed as k-essence [7] , have been proposed as another possible means of explaining of the coincidence problem of the Universe beginning to accelerate only at the present epoch. A subclass of models feature a tracker behavior during radiation domination, and a cosmological-constant-like behavior shortly after the transition to matter domination. As long as this transition seems to occur generically for purely dynamical reasons, these models are claimed to solve the coincidence problem without fine-tuning. But in Ref. [8] , the authors found that in this kind of models, the initial energy density Ω k ≡ ρ k /ρ total (ρ k and ρ total are the energy densities of the k-essence and the total matter, respectively) only occupies a very narrow region. And also the non-canonical lagrangian of the k-essence models can lead to theoretical problem in field theory.
There are two problems with the scalar field models. The connection of scalar field to particle physics models has not been clear so far. The weak energy condition can not be violated by the scalar field.
The effective YM field condensate model has been introduced to describe the dark energy [9, 10] . It has interesting features: the YM field are the indispensable cornerstone to any particle physics model with interactions mediated by gauge bosons, so it can be incorporated into a sensible unified theory of particle physics. Moreover, the effective YM condensate can achieve the state of ω y < −1 and violate the weak energy condition. In this paper, we will study the the "coincidence problem" in this model. From the YM equation, we find that ω y → 1/3 at the early Universe, which is very like a kind of radiation, and it will run to −1, a Λ-like attractor, at the late time. This behavior is very similar with the k-essence models with tracker solution. But the difference is that for the YM field models, the transition from ω y → 1/3 to ω y → −1 depends on the initial value of r b ≡ ρ y b /ρ r b (ρ y b and ρ r b are the energy density of YM field and radiation at the redshift z = 10 10 , respectively), which labels the energy density of YM field at the initial time. If one choose r b = 10 −2 , an acceptable initial condition, then the present EoS of the YM field is ω y 0 = −0.99, which is very similar to the cosmological constant. We also constrain ω y 0 by the observation of BBN, and find that ω y 0 < −0.94.
The Yang-Mills Field Models
The effective YM condensate dark energy models has been discussed in Ref. [9, 10] . The effective lagrangian up to 1-loop order is [11, 12] 
where b = 11N/24π 2 for the generic gauge group SU (N ) is the Callan-Symanzik coefficient [13] , F = −(1/2)F a µν F aµν plays the role of the order parameter of the YM condensate,
where f abc is the structure constant of gauge group and f abc = ǫ abc for the SU (2) case, e ≃ 2.72, κ is the renormalization scale with the dimension of squared mass, the only model parameter. The attractive features of this effective YM action model include the gauge invariance, the Lorentz invariance, the correct trace anomaly, and the asymptotic freedom [11] . With the logarithmic dependence on the field strength, L ef f has a form similar to he Coleman-Weinberg scalar effective potential [14] , and the Parker-Raval effective gravity lagrangian [15] . The effective YM condensate has firstly put into the expanding RobertsonWalker (R-W) spacetime in Ref. [16] . For simplicity we will work in a spatially flat R-W spacetime with a metric
where τ = (a 0 /a)dt is the conformal time. The energy-momentum tensor of the YM field is given by
where the dielectric constant is defined by ǫ = 2∂L ef f /∂F ,
In an homogeneous and isotropic Universe, one can put the gauge fields
, where σ a are the Pauli's matrices, are given by A 0 = 0 and A a i = δ a i A(t). The energy density and pressure are given by (here we only consider the condition of B 2 ≡ 0) [10] 
and the equation of state is
where we have defined β ≡ ǫ/b = ln | E 2 κ 2 |. At the critical point of β = 0, which follows that ω y = −1, the Universe is exact a de Sitter expansion [16] . Near this point, if β < 0, we have ω y < −1, and β > 0 follows ω y > −1. So in these models, the EoS of 0 < ω y < −1 and ω y < −1 all can be naturally realized. But at the condition with β ≫ 1, the YM field has a state of ω y = 1/3. This corresponds to a kind of classical relativity liquid.
The effective YM equations
The ν = 0 component of YM equations is an identity, and the i = 1, 2, 3 spatial components are:
If ǫ = 0, this equation is also an identity. When ǫ = 0, this equation follows that [10] ,
First, we study the evolution of ω y near the critical state with ω y = −1. Assuming the YM field has an initial state of |ω y + 1| ≪ 1, i.e. β ≪ 1, the Eq.(10) becomes
β will approach to 0 with the expansion of Universe. This means that the field strength E will go to a critical state of E 2 = κ 2 , and the EoS is
This result has two important characters: i) with the expansion of the Universe, ω y will run to the critical point of ω y = −1. This is the most important character of this dark energy model; ii) the state of ω y > −1 and ω y < −1 all can realized, but it can not cross −1 from one area to another. This character is same with the scalar field such as the quintessence field, the k-essence and the phantom field models.
In the following, we choose the cosmological parameters: the energy density of dark energy Ω y = 0.73, the energy density of matter Ω m = 0.27, and the redshift of matter-radiation equality z eq = 3233 [2] . First, we should fix the value of κ, the energy scale of the YM field by the present Universe. At the present time,
, then the energy density of the YM dark energy becomes
The present total energy density in the Universe ρ 0 ≈ 10 −11 (eV 4 ), yielding
This energy scale is low compared to typical particle physics scales, so there is a "fine-tuning problem" in this model, which is same with the most quintessence field with tracker solution.
For the general case, the energy density of the YM field can be written as
and the field strength relates to β by
The Big Bang nucleosynthesis (BBN) epoch corresponds an energy scale ∼ 1MeV, and the corresponding redshift is z ≃ 10 10 . Here, we choose the initial condition at this stage. Define a parameter
where ρ r is the energy density of radiation. Here we consider two cases: the First one we choose the condition with r b = 10 −2 , ρ y is comparable to the radiation density at BBN epoch, and the Second one we choose an extreme condition with r b = 10 −20 , the density of YM field is much smaller than which of radiation at BBN epoch.
In Fig.[1] , we plot the evolution of the energy density of radiation, matter and the YM field with redshift. We find that these two YM fields obey the similar behavior: their density ρ y ∝ a −4 , decreasing with the expansion of the Universe. This behavior is same with the radiation and the decreasing rate is faster than which of the matter, which is for at early time, the EoS of YM field is nearly 1/3, which has been obviously shown in Fig.[2] . In that figure, we plot the evolution of EoS of these two YM models.
This can be easily analyse by Eq. (10): at the early time, the right-hand of the equation has very large value, which leads to β ≫ 1, so from Eq. (7), one finds that ω y → 1/3 at this stage. With the expansion of the Universe, the value of β decreases to nearly zero, which lead to ω y → −1, so the densities of the YM fields stop decreasing at some redshift and keep a constant for ever. This behavior is like a cosmological constant, and ω y → −1 (Fig.[2] ). This behavior makes the present YM fields have similar state for these two models, although their initial conditions are very different. So the "coincidence problem" doesn't exist in this kind of YM models.
In Fig.[3] , we plot the dependant relation of the present EoS ω 0 on the initial condition r b . The relation of the function log 10 (r b ) and log 10 (ω 0 + 1) is nearly linear: smaller r b leads to smaller ω 0 + 1. For the First model with r b = 10 −2 , one can get the present EoS ω y 0 = −0.99, which is very similar to the cosmological constant.
But the redshift when the YM field changes from ω y = 1/3 to ω y = −1 is different in these two models.
For the models with smaller r b , the transition redshift is larger (seen in Fig.[2] ), and the transition is a quick process. For labelling this transition, here we define the redshift z t as the following way: the EoS of YM field ω y = −1/3 at the z = z t . From the Eq. (10), one can easily find that
where β t and β 0 are the values of β at z = z t and z = 0, respectively. In Fig.[4] , we plot the relation of the present EoS ω y 0 and z t , from which one finds that this transition is very late compared with z eq , except for the case with very tiny value of |ω + 1|. For the First model with r b = 10 −2 , the corresponding redshift z t = 12.4 ≫ 1, where the relativity density of the YM field is very smaller in the Universe.
The observation result of the Big Bang nucleosynthesis can constrain the presence of dark energy during nucleosynthesis epoch, via the expansion speedup provided by the additional energy density [17, 18] . The dark energy is played by the YM field, which tracks the radiation at the early Universe, and leads to its energy density to be proportional to the dominant radiation density. In this case, the YM field acts essentially as an extra neutrino species, which is described by δN ν ≡ N ν − 3, where N ν is the effectively massless (m ν ≪ 1MeV) left-handed neutrino species at the BBN epoch. The latest analysis constrain it with [18] δN ν < 1.60. This quality can be related to r b by
and leads to r b < 0.26, which follows a constraint on the YM field: ω y 0 < −0.94, and the corresponding transition redshift z t = 5.8 ≫ 1.
Summary
In summary, in this letter we have studied the "coincidence problem" in the YM field dark energy models. We find in this kind of models, the YM field has a EoS of ω y = 1/3 at the early time, and it tracks the the radiation. At the redshift z t , the YM field runs quickly a state with ω y = −1, which is Λ-like attractor solution, and accounts for the present accelerating expansion of the Universe. This behavior of the YM field naturally answers the "coincidence problem" for the dark energy models: no matter what kind of initial condition the YM field has, its present state is similar. We also constrain the present EoS of the YM field by the observation result of BBN: ω y 0 < −0.94, which is a very loose constraint. For an actual model with r b = 10 −2 , we find that ω y 0 = −0.99, which is very similar to the cosmological constant.
But the "fining-tuning problem" hasn't been settled. The value of the energy scale κ, which must be fixed by the observation, is too low compared to the typical particle physics scales. This is a strident problem for most dark energy models, which directly relates to the more detail physics of the dark energy.
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